A finite strip method for geometric non-linear static analysis based on the tangential stiffness matrix has been developed using the new concept of polynomial finite strip elements, with Reissner (higher order shear deformable element) plate-bending theory for composite plates. A finite strip analysis programming package, which is capable of performing non-linear analysis for composite flat panels, has also been developed with Reissner plate bending element. Good agreement with the finite element results has been observed through various test cases, confirming the accuracy and reliability of the new developed finite strip method.
Introduction
The finite strip method (FSM) can be regarded generally as a specialization of the finite element method (FEM). The properties of a strip are based on the use of an assumed displacement field in conjunction with the potential energy or virtual work principles. The first publication on the FSM was by Cheung [2] , which concerned only the linear static analysis of single rectangular plates having a pair of opposite ends simply supported. Kermanidis and Labeas [3] developed an anisotropic finite strip element based on the semi-analytical method, for static and stability analysis of thin composite laminates. Wang et al. [4] investigated the critical buckling load of composite laminated plates using a developed higher order shear deformable plate finite strip element. The warping of cross-section and transverse shear deformation can be predicted by the higher order plate theories. Akhras et al. [5] have developed a new finite strip method for the large deflection analysis of composite laminates. The method incorporates additional degrees of freedom for each nodal line and uses the higher order shear deformation theory. Loughlan [6] employed semianalytical finite strip method to investigate the effect of bend-twist coupling on a square antisymmetric angle-ply laminated plate under compressive buckling.
In this work, the finite strip analysis of composite laminated plates, which is based on a new derivation of the higher order shear element (Reissner type element [7] ) is presented taking into account the geometric non-linearity. This derivation follows concepts similar to those employed in the finite element analysis using the tangential stiffness matrix approach. The derivations are based on a new Reissner-type finite strip element [8] and [9] in which one-dimensional Lagrangian interpolation employed along both the length and the width of the plate. One the other hand, Hermitian interpolation is employed for the lateral deflection components together with appropriate reduced integration schemes.
Derivations of Finite Strip Equations
Displacement and Strain Components. Consider a composite laminated plate which is parallel to the x-y plane. The upper and lower surfaces of the plate are defined by z = h/2 and z = -h/2 respectively, where h is the thickness of the plate Based on Reissner's theory [7] the transverse shear strains at any point (x, y ,z) inside a plate can be represented by parabolic distributions across the thickness of the plate as follows: 
where
The average values of the transverse shear can be used to define the displacement components, which leads to:
Eq. 4, Eq. 5 and Eq. 6 represent the displacement components at any point (x, y, z) inside the plate, where v u , represent the values of u, v at the mid-plane z = 0. In this work the transverse shear strains are always assumed infinitesimal while for non-linear static analysis, the x-y strain components are assumed finite. Using Green's strain displacement equations, the strain tensor at any point inside the plate can be obtained using appropriate engineering notations [9] .
Interpolated Displacement Equations. The interpolation of the lateral displacement w both in the x and y-directions requires the 1 C continuity [11] . In order to maintain 1 C continuity over the whole plate, only Hermitian-type can be used.All other displacement components are interpolated in the x and y-directions by means of Lagrangian interpolation, as there is no need for more than C continuity required. Hence, the full x-y interpolated displacement equations can be expressed for an n-node finite strip, with m y-terms (harmonics) as follows [9] : 
where: 
Stress Components.
The stress components at a point in the th l layer can also be partitioned and represented by the following vectors [9] :
Using stress-strain relations for the th l layer, then:
(15) 
Derivation of Element Stiffness Matrices
Using the principle of virtual work, the work done by actual loads is equal to the work done by equivalent nodal loading, i.e.:
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We then arrived at the following linearized non-linear equations which are defined as [9] : (21)
Numerical Examples
Rectangular Plate.The analysis of cantilever plate, as shown in Fig. 1 , with different types of loading has been carried out in order to assess the accuracy of the developed method. Two types of load cases were considered namely: 1) Tensile load in terms of a uniform line tensile force.
2) In-plane bending, induced by a uniform in-plane shear force. Each type of load case is shown schematically in Fig. 2 and Fig. 3 . 
AEROTECH IV
The results of each case study were validated against ABAQUS [12] . A 12-ply cantilever plate made of Carbon/Epoxy with stacking sequence of [-45/0/45] 2s has been considered in this case study. The thickness of each ply, the stacking sequence and the lamina material properties for the laminate are given as: E 11 = 134.75 GPa E 22 =8.24 GPa, G 12 = G 23 =G 31 = 7.0 GPa ,v 12 = 0.325 and thickness of each layer = 0.0025 m.
The type of element used for ABAQUS is the 4-noded quadrilateral with full in-plane integration points, S4. For the purpose of validation, it is sufficient to use six 3-noded finite strip elements in the finite strip meshes with 6 finite strips for both cases.
A non-linear static analysis has been carried out for the cantilever plate under tension, which is shown schematically in Fig. 2 . A line force of intensity 2.0×10 6 N/m was applied axially (xdirection) at the free edge of the plate. Load-deflection curves were obtained which compare the three types of finite strip elements with ABAQUS finite element results. The displacements were measured at the free end of the plate. By referring to Fig. 4 , the non-linear static analysis results agree very well with the ABAQUS finite element results. Uniform displacements with a magnitude of 2 mm were applied at the tip of the plate for each load cases and the behaviour of the plate can be observed from the load-displacement curve shown in Fig. 7 to Fig. 10 . It has been found that the structural response for the two different load cases and stacking sequences agrees reasonably well with ABAQUS although only three finite strips were used for all cases. 
Conclusions
The work presented in this research contributes to the development of a finite strip method capable of performing a non-linear static analysis of composite laminated plates based on a higher order finite strip element. Validation of the developed finite strip package has been successfully carried out by comparing the results with the finite element analysis using ABAQUS. A significant reduction in the modeling and effort as a result of only one-dimensional mesh required to model plates by using the package built-in mesh generator. Good comparison with the finite element results (ABAQUS) and experimental results were observed from previous test cases, confirming the accuracy and reliability of the new derivations and the programming package.
